This work intended to characterize the seed morphology, water absorption patterns and to determine the vigor among different colored seeds of the species Centrolobium paraense (Fabaceae). For this purpose, samaras which were opened were collected from two sites-Água Boa (AB) and Taiano (TAI) located in the state of Roraima, and the seeds screened by the coat coloration (light brown/intermediate brown/dark brown) for four conditions (two sites and two years of collection). Evaluation of water absorption by the seeds at different periods, mass of 1,000 seeds, water content, electrical conductivity (EC), seedling emergence and emergence velocity (EV) were performed. The water absorption by the seeds of Centrolobium paraense indicates coat permeability to water and distinct absorptions according to coat colorations. The EC test is efficient in determining the physiological quality of seeds of Centrolobium paraense. Seed coat coloration affects the physiological quality of the seeds of Centrolobium paraense. It is possible to distinguish the seeds of AB and TAI into two degrees of physiological quality, the light brown-colored seeds being more vigorous.
Introduction


The demand for seedlings of native forest species has been growing due to crescent consciousness on the need for environmental protection and to environmental restoration programs [1] . Species of the genus Centrolobium have been designated as priorities for reforestation in natural areas, however, in spite of their importance, few studies have been conducted about this genus.
There are five species in Brazil, i.e., Centrolobium microchaete (Mart. ex Benth.) H.C. Lima, Centrolobium paraense Tul., Centrolobium robustum (Vell.) Mart. ex Benth., Centrolobium sclerophyllum H. C. Lima and Centrolobium tomentosum Guillem.
ex Benth.. In Roraima, Centrolobium paraense (pau-rainha) occurs in spots of semi-deciduous forests and forest-covered hills scattered through the savannah region [2] . Since most of native forest species are propagated via seed, knowledge concerning morphophysiology is fundamental, as specific environmental conditions are necessary for each species to attain germination [3] . Adequate methods for seed analysis of forest species have been the object of great interest, especially when aiming at obtaining information expressing the physiological quality of seed [4] . Seeds differ according to coat color, and this heteromorphy, observed in genera of Fabaceae family, is associated with seed physiological quality (germination, vigor) and has been employed to find the ideal class aiming the multiplication of several D DAVID PUBLISHING
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plant species [5] . For a great number of species, classification by seed coat coloring is a strategy, which may be adopted to make the emergence of seedlings uniform and to obtain young plants of similar size and/or more vigorous [6] . In this context, knowledge concerning water absorption by seeds in different coats at cell membrane level is of great importance [7] . During seed imbibition, important changes which are not detected by germination test take place [8] . For that reason, the most utilized is the electrical conductivity (EC) test, through which, it is possible to analyze the organization level of cell membranes, quantifying the exudates present in the aqueous solutions of the immersed seeds [9] .
Research concerning the morphophysiological aspects during seed germination of Centrolobium paraense becomes highly relevant due to environmental adversities found in the tropical ecosystems. It was intended in the present work to characterize the seed morphology, to obtain water absorption patterns from seeds with different coat colors and to determine the vigor of seeds of Centrolobium paraense.
Materials and Methods
This study was conducted at Embrapa Roraima, in the Seed Analysis Laboratory (LAS) and in greenhouse, respectively, during the period from May to November of 2014, both located on BR 174, Km 8, Industrial District, under geographic reference coordinates 02°45′28″ N, 60°43′54″ W and 90 m of altitude. The species utilized was Centrolobium paraense, whose fruits (samaras) were collected in February/March of 2013 and 2014, from two distinct sites, one at Água Boa (AB) region (02°43′39.5″ N and 60°51′35.4″ W; Datum: WGS84) and the other at Taiano (TAI) village (03°06′46.7″ N and 60°49′38.6″ W; Datum: WGS84), both in the state of Roraima. All collected fruits were kept intact in opened 50 L polypropylene bags under environment conditions and protected of rain. In April 2014, fruits from 2013 and 2014 collections were opened for seed extraction and subsequent studies.
Boa Vista lies in the tropical climatic zone. The climate in the region is, according to Köppen, of the Aw type: (rainy tropical with a short period of drought) with annual average rainfall between 1,700 mm and 2,000 mm [10] . The rainy period occurs with the greatest frequency from April to August with monthly totals above 100 mm. From September, rain reduces, beginning a characteristic dry period, lasting more often from November to March [11] . The annual average temperature is of 25.5 °C [12] .
Seed Analysis in Laboratory
Considering the purposes of seed physical and physiological characterization, the seeds were screened by seed coat coloration, being visually classified into light brown, intermediate brown or dark brown, for each of the four conditions (two sites and two years of collection).
Mass of 1,000 seeds was determined according to seed analysis rules (RAS) [13] , utilizing four replications of 100 seeds, for every one of the three seed coat colors (light brown, intermediary brown and dark brown) to each of the four conditions of evaluation (two sites and two years of collection). Water content percentage (%) was calculated in relation to the initial mass of seeds for each treatment. In this way, the oven method at 105 ± 3 °C during 24 h was used [13] with four replications of 10 seeds. The calculation was carried out on wet basis, and the moisture degree was expressed in percentage.
Considering imbibition, seeds were previously weighted in a digital balance with precision of 0.001 g and next placed to imbibe in a container (gerbox®) padded with two sheets of distilled water-moistened filter paper according to RAS [13] . The final result obtained by arithmetic mean was expressed in percent basis. In order to obtain the water absorption curve, four replications of 10 seeds were utilized respectively for light brown, intermediate brown or dark brown seeds collected at AB and TAI in the years of 2013 and 2014 [14] . These seeds were taken out of the containers, their surface moisture removed, weighted on precision balance of 0.001 g and subsequently placed again to imbibe. The determinations were conducted every 6 h during the first 24 h. Subsequent determinations were performed every 12 h and 24 h during a 312-h period.
Concerning electric conductivity (EC) test, 25 seeds, with no visible physical damages, were placed into 75 mL of distilled water in 180 mL plastic glasses, with four replications. The samples remained for 24 h in a germinator at 25 °C and the EC of the leachates was measured by a calibrated digital conductivity meter (Quimis) [15] . The obtained conductivity meter values were divided by respective dry masses of 25 seeds, before immersion into distilled water and in the same way by wet masses verified after 24 h immersion. The results were expressed in µS/cm/g of seed. (1), proposed by Vieira [16] :
Seed Analysis in Greenhouse
Emergence percentage (%) = (Ne/Ae) × 100 (1) where, Ne = number of seedlings emerged in the seed bed and Ae = total number of seeds placed to emerge.
Seedling emergence velocity (EV) was determined together with emergence, with daily counting of normal seedlings from beginning of seedling emergence up to 30 d. EV was calculated by Eq. (2) proposed by Maguire [17] :
where, N 1 = number of seedlings emerged in the first counting; T 1 = number of days elapsed till the first counting; N 2 = number of seedlings emerged in the second counting; T 2 = number of days elapsed till the second counting; n = last counting.
The experimental design utilized was the completely randomized (CRD) with four replications. The results were submitted to analysis of variance through F test at 5% of probability and the means were compared by Tukey test (α = 5%), utilizing the Sisvar software [18] . Concerning data on water absorption by the seeds, regression analysis at 5% of probability was carried out for adjustment of the model which best represented the curve.
Results
Color of Seed Coats
Opening of Centrolobium paraense samaras resulted into seeds presenting coats with three predominant coloring ( (Fig. 1 ).
Morphological Characterization of Seeds
Regarding to physical characterization of Centrolobium paraense seeds, water content of 6.48%, 5.97% and 6.24% was found in seeds collected in 2013 and of 6.59%, 6.35% and 6.73% in those collected in 2014, respectively for seeds with light brown, intermediate brown and dark brown colored seed coats.
As shown in Table 1 , the average values of mass of (Fig. 3a) , there was a high increase in water absorption during the first hour of imbibition, followed by an slow and constant increment during the following hours, until the emission of the primary root, preventing the accurate determination of the germination phases of seeds.
Considering the percentage of seedling emergence, significant viability differences of Centrolobium paraense seeds concerning two locations and two years of collection (AB 2013 and 2014, TAI 2013 and 2014) are observed. Seeds with light brown seed coat coming from TAI in 2014 presented the greater seedling emergence and EV, followed by intermediate brown seeds and by dark brown seeds (Table 2 ). This shows that the percentage of seedling emergence and EV were efficient in differentiating seed vigor.
Light brown seeds in both environments and years of collection imbibed less water, presenting the greater seedling emergence ranging from 41% to 79%. This indicated that the coloring can be a morphological indicator of maturation stage for seeds of this species. On the other hand, EC test was efficient in differentiating seed vigor among seeds with distinct coat coloring considering the two collecting years (2013 and 2014) and the two collection sites (AB and TAI), showing results similar to the seedling emergence test. Seeds with light brown seed coat coloring presented the greatest vigor, followed by the intermediate brown ones.
Discussion
Results on seed water content obtained in this work are comparable to most plant species which showed the seed water content between 5% and 20% [19] , but different from results obtained by Imatomi et al. [20] working with seeds of Casearia sylvestris Swartz (Flacourtiaceae) collected in São Paulo and Paraná, in which obtained values were between 14.5% and 22.9%, with seeds recently collected and between 7.1% and 9.9% for seeds stored for 12 months. Working with seeds of Dalbergia nigra (Fabaceae), Imatomi et al. [20] found values of water contents in two lots of seeds (7.92% and 8.98%) higher than those verified in this work with Centrolobium paraense (6.73%).
Considering the mass of 1,000 seeds, Ataide et al. [21] described fruit and seed characteristics of Centrolobium paraense collected in Araçá indigenous region, in the state of Roraima and obtained the average weight of 322 g, similarly to the weight verified in the present work. However, Cruz and Carvalho [5] evaluated the morphological standards in seeds of Campomanesia adamantium (Myrtaceae) and found the average mass of 256 g to 325 g similar to that reported in the present study. According to Pedreira et al. [22] , differences in the seed mass can be promoted by genetic diversity inherent to each species; within the population, the modification in fruit size was related not only to genetic component, but also to environment conditions [23] .
The mass of 1,000 seeds obtained from AB in the collection year of 2014 was 325.73 g, from which it is possible to estimate a weight of about 0.325 g per seed (Table 1) . Therefore, three to four seeds of Centrolobium paraense are necessary to reach 1 g, and 1 kg of Centrolobium paraense seeds contains on Morphophysiology of Germination among Seeds of Pau-rainha (Centrolobium paraense) Collected in the State of Roraima 377 average 3,070 seeds. This value differs from those described in the instructions for forest species seed analysis [24] , in which the value is 10,600 to 30,000 seeds per kg. Lorenzi [25] also mentioned values close to 30,000 seeds per kg. Variation may occur due to factors, such as the collection site, the age of the parent plants or the water content presented by the seeds [25] . The imbibition behavior observed in the light and intermediate brown colored seeds can not be characterized as the triphasic pattern proposed by Bewley and Black [19] , which presents an initial phase of rapid water absorption, followed by a stationary phase, ending with a further increase, which once more, show that the coloration of the seed coats significantly influences water absorption.
Water develops a fundamental role in germination. Trough tissue rehydration, seeds reactivate metabolic activities to support embryo growth. The rate of water absorption by the seed depends on several factors, including species, seed coat permeability, temperature, water availability, hydrostatic pressure and seed/water contact area [26] .
Considering Centrolobium paraense seeds of collection years of 2013 and 2014 from TAI, results indicated that water absorption in the first 24 h was more accelerated, then, became slow, while seeds with brown dark seed coat followed sigmoid curve (Figs.  3a and 3b) , showing that they are water-permeable, not presenting seed coat dormancy.
Regarding triphasic pattern of seed hydration proposed by Bewley and Black [19] , it can be inferred that phase I of this process lasted about 96 h, in which the water content showed a constant and significant increase. According to Castro et al. [27] , this first phase is purely physical, usually rapid and induces to a relative equilibrium of water content, when occurs initiation of phase II of imbibition. In this second phase, cells of inside of the seed do not absorb further water, because they can no longer expand. It is during this period that the metabolic processes required for embryo growth and the completion of germination are activated. The duration depends mainly on temperature and water potential of the seed. It was noted that phase II began at 96 h and lasted up to 240 h when phase III initiated, and lasted until the end of the experiment at 312 h of imbibition.
Period of each phase varies among species, and the results may be different depending also on the external factors prevailing, as observed by Castro et al. [27] with Jatropha curcas (Euphorbiaceae) (phase I = 32 h; phase II = 116 h). However, the triphasic character of the imbibition process in which radical protrusion occurs, is presented in Figs. 2 and 3 , in a distinguished way for seeds with light, intermediate and dark brown seed coat.
According to Borghetti and Ferreira [28] , seeds with similar seedling emergency may have different germination behavior, similar to that obtained in the current work. As concerning EV, significant differences were found among the three colorings of seeds from AB in both collecting years of 2013 and 2014, while seeds collected in TAI showed significant differences in collecting year of 2014, that is, it was effective to detect differences of vigor among them.
EC test has proven to be effective in determining the physiological quality (vigor) of other forest species, such as Dalbergia nigra (Fabaceae) [29] , Sebastiania commersoniana (Euphorbiaceae) [30] , Senna siamea (Fabaceae) [31] , Dictyoloma vandellianum (Rutaceae) [32] , Jatropha curcas (Euphorbiaceae) [33] , Pterogyne nitens (Fabaceae) [21] and Solanum sessiliflorum (Fabaceae) [34] .
Decrease of EC values with increase of wet mass of the seeds was found. For most of combinations between seeds and water volume, there was a decrease in EC, corroborating the results of Paula and Santos [32] who found seeds of Dictyoloma vandellianum (Rutaceae) with lower values of EC with increasing imbibition time. Those results indicate that during imbibition, the reorganization of cell membranes take place, capable of reducing the loss of cellular constituents, and such recoveries are limited to imbibition period.
Correlations between EC and germination highlight alterations occurring in seeds during imbibition period, as well as signaling the deterioration process. It is possible that at the temperature of 22 °C, the correlation is related to the recovery of cell membranes during the hydration period, with transition of gel to the liquid phase, which results in reduced release of exudates, as demonstrated in the results of EC.
The occurrence of exudates in advanced hydration phases at this temperature may be due to different compositions of fatty acids from phospholipids in different membranes, which composes the cells of the embryo and the cotyledons. Furthermore, it is verified the movement of these substances from the inside of the seed into the environment, and the flow is reduced by the layers of cells, thus composing the different cells of the embryo and the cotyledons.
Conclusions
As the results of this study, it can be concluded that water absorption of Centrolobium paraense seeds indicates permeability of the seed coat to water and distinct absorption according to seed coat coloring. EC test is effective in vigor differentiation of Centrolobium paraense seeds with three seed tegument coloring, and dark brown-coated seeds of both sites (AB and TAI) present seedling emergence and EV inferior to the others. Lastly, seed coat color interferes with the physiological quality of seeds of Centrolobium paraense, being possible to distinguish seeds of AB and TAI into two degrees of physiological quality and the light brown colored seeds presenting greater vigor.
